The water-energy nexus has increasingly been recognized as one of the key factors underlying the sustainability and security of future water and energy supply. An improved understanding of this issue is required to guide political decision-making on the choice of technologies that can better lead towards water-energy efficient scenarios. One of the biggest challenges relies on the reduction of uncertainties over selected variables, and the analysis of trends and interrelations that may have an impact on the future of water and energy security. This paper presents the results of a Delphi study on prospective and future trends of the water-energy nexus and energy technologies. Based on the opinion and contributions of experts on the topic from different backgrounds, institutions and disciplines, the results indicate the importance of technology innovation and transfer as the main conditioning factors to achieve energy and water security. In terms of energy, biofuels and shale gas are perceived to have the highest potential impacts on water quantity and especially on water quality. Thus their evolution will be influential for future water and environmental security. Biofuels in particular, together with the rising demands for food, have the highest prospects for an increase in agricultural water withdrawals.
Since the strong interdependencies between water and energy were first identified in the west of the USA, this topic has been gaining increasing importance both within the international research agendas, and in the water and energy sectors. Energy is required for water technologies and infrastructures to ensure the supply, distribution and provision of water services, as well as to upgrade or restore its quality. Meanwhile, energy technologies require water for cooling, cleaning and as a vector fluid to extract energy resources. A wave of studies assessing the impacts on water use of the main energy technologies, as well as multiple dialogues to understand their implications for future energy and water security have been conducted by relevant institutions and research teams like: the US Department of Energy (DOE, 2006 (DOE, , 2014 ; the World Economic Council (WEC, 2010) ; the World Bank (Rodríguez et al., 2013) ; the American Agency for Energy-Efficient Economy and Alliance for Water Efficiency (AWE) (GEI Consultants, 2013) ; Stanford University (Water in the West, 2013); and UN Water (UN Water, 2014), among others. In 2014, the UN International Year of Water and Energy, the topic was set at the top of the international agenda. Advances in discussions and research have also opened the door for innovation and new synergies, such as the application of intelligent technologies and decision support tools to resource management, the adoption of integrated systemic approaches, knowledge networks and public-private partnerships, and transboundary cooperation agreements or smart cities (OECD, 2012; UN, 2012) . However, some remaining challenges include the lack, dispersion and heterogeneity of data, poor understanding of interdependencies and the obsolescence of existing infrastructures (OECD, 2012) .
Within the energy sector, water has started to be seen no longer as a mere input material that can be easily obtained at a cheap price, but rather as an increasingly scarce and strategic resource with variable operational costs. This cost variability, caused by e.g. an uncertain security of supply, is often dependent upon climatic variables and is increasingly subject to competition with other users who may have higher priority of access during drought periods. Some of the most critical water related uncertainties and knowledge limitations within this sector are related to the variability and vulnerability of water resources. Despite the increasing efforts in accounting and different initiatives (Asian Development Bank, 2011; WEO, 2012) , estimates of present water demands and availability by region and at a global scale have higher variability than energy estimates, as accurate assessments and monitoring of water reserves are more complex and require specific technologies. Meanwhile, the fact that water is often not paid for -since the largest consumption comes from agriculture -and management is usually carried out by the public sector has usually resulted in fewer incentives for accurate estimates. This is compared to an economic good like energy, mainly operated by private owned companies -even if often under monopolist regimes -and with variable prices usually complemented by substantial taxes (WWAP, 2014) . Therefore, there is a special interest from the energy sector to introduce water aspects within energy strategic planning, to better understand potential future water related risks.
This paper aims to present an initiative by the Technology Centre of the Spanish energy company Repsol in order to reduce uncertainty in some of the most important trends and variables affecting water security and the future development of energy technologies, from the perspective of Spanish water-related experts. This study was conducted along with nine other Delphi studies addressing trends on other topics (climate change, environment, society, legislation, geopolitics, techno-society, mineral resources, energy and economy) as part of Repsol Technology Centre's Heredera project aimed at the application of a complex systems approach to technological decision-making. The paper is structured as follows: first, a section describing the Delphi methodology and process. Second, a section presenting the questions posed to the experts, followed by a brief introduction to the context of the question, and a quantitative and qualitative analysis of the experts' answers. Third, a section analysing the performance of the Delphi study, including statistics about the experts' participation and level of expertise. The paper finishes with a discussion of the results in view of other water-energy reports, and a set of conclusions and implications raised for water and energy policy decision-making.
Delphi study methodology and process
The Delphi method (Dalkey & Helmer, 1963 ) is a well-known social research technique aimed at obtaining a reliable opinion from a set of experts. It is a method of structuring communication within a group of people who can provide valuable aid to solve a complex problem (Linstone & Turoff, 1975) . It was conceived in the 1950s for military purposes and has been used ever since in academic and business spheres. It has been mainly applied as a technique for planning and consensus in uncertainty situations where it is not possible to use other methods based on objective information.
Its main characteristics are as follows (Dalkey & Helmer, 1963 ):
• It is an iterative process. The experts must be consulted at least twice on the same question, so that they can rethink their reply, assisted by the information that they receive from the opinions of the other experts.
• It keeps the anonymity of participants' replies, as these go directly to the coordinating group. This means one can undertake a process of group work with experts who do not coincide in either time or space and it also seeks to avoid the negative influences that personality related factors may have on the individual replies.
• Controlled feedback. The exchange of information between experts is done through the coordinating group, thus eliminating any irrelevant information.
• Statistical response of the group. All the opinions form part of the final reply. The questions are asked in such a way that a quantitative and statistical treatment of replies can be made.
These characteristics compensate some of the main disadvantages of group judgements obtained from direct interaction techniques. Nevertheless, in spite of its broad utilization this technique presents a number of acknowledged methodological weaknesses that have been described in previous studies (Gordon & Hayward, 1968; Sackman, 1974; Linstone, 1975; Landeta, 2006) . The main methodological limitations and the way they have been addressed in this study are here presented:
• First, the basic source of information for this technique is expert judgement, which can be subjective or biased. This can be reduced by a proper selection of experts and good knowledge management. (In this study, experts were selected on the basis of known experience in water security and water-energy interconnections, aiming for a diverse representation of stakeholders to minimize bias. Meanwhile, an in-depth literature study was made to complement and contrast results).
• Second, it assumes consensus as an approximation to reality.
• Third, interaction among experts is real though limited and thus anonymity impedes the social rewards provided by others' acceptance of one's own responses. (This was overcome by keeping the anonymity of responses but making public the names of the participants with their consent, thus encouraging their public recognition as experts).
• Fourth, it is a time demanding technique for experts, which does not consider possible interrelation of future planned events. (To compensate experts for their efforts, they were sent a copy of the final report and made aware of all the positive outcomes of the project).
On the whole, advantages such as its flexibility and simplicity have proved to outweigh the disadvantages, as shown by the growing number of examples of its successful application in different geographical and thematic contexts, within the academic and the professional spheres, where expert knowledge has been recognized as the best available knowledge (Gupta & Clarke, 1996; Landeta, 2006) . Based on these precedents and given the objectives and the conditions of long-term forecast and high uncertainty of the present study, the Delphi methodology was considered the best option.
The Delphi exercise was undertaken thanks to the collaboration of a selection of reputed Spanish experts mainly coming from the water sphere but with experience also in the water-energy-food aspects. The study was structured in the following steps:
1. Literature review of selected publications for a first selection of variables and future prospects. 2. Initial design of the Delphi questionnaire. 3. Pre-selection of experts. A selection of 40 Spanish experts was made based on the following criteria:
(a) extended academic and/or professional background in the water or energy field and specific contact with water-energy-agriculture interconnections and cross-issues; (b) active participation in events and conferences on the topic; and (c) representation of different stakeholders from both the private and the public sector. 4. Semi structured 'elite' interviews. Five experts with high level of knowledge -referred to as 'elite experts' during the process -were selected for a 90-minute interview aiming to contrast and complete the variables, trends and data gathered in phase 1, and test the clarity and appropriateness of the first Delphi questionnaire draft. 5. Pilot Delphi. Revision and adaptation of the questionnaire, and pilot testing to control clarity and duration of the questionnaires. 6. Launch of the Heredera Delphi project in March 2013 at the Repsol Technology Centre. Elite experts were invited to a workshop where the Water Delphi and the other nine Repsol Delphi studies were presented. A work session with the project leading scientific teams was conducted to discuss possible disruptive events and important interrelations among the represented driving forces. 7. First Delphi Round. The questionnaire containing 19 closed questions and seven open questions was sent to the 40 pre-selected experts, where they were asked to grade their level of knowledge on a scale from 1 to 4 (Dalkey et al., 1970) , to give a quantitative estimation for the statement to 2030 and 2050 time horizons, and to provide any additional comments or qualitative information they might consider of interest. Sixteen experts sent their answers back, composing the final list of participants. This list is included in Appendix 1 (available with the online version of this paper), showing the final cast of experts, including their institutional profiles and their roles in the study (Elite experts, Experts taking the Delphi survey, or both). 8. Second Delphi round. Experts were sent a second personalized questionnaire including the first round questions, answers given by the expert, indicators of average trend and dispersion on the answers from the experts (median, quartiles and standard deviation), and a synthesis of comments and qualitative information provided by experts. 9. Analysis of results and elaboration of reports.
The scheme with the methodological steps is presented in Figure 1 . 
Trends and results
This section will present the selected trends and aspects of uncertainty related to water security and water for energy posed to the experts for confirmation or refinement, as well as the results obtained from their answers. For each aspect, first an introduction to the context and trends reported in the literature is provided, followed by the presentation of the results of the quantitative (mean, median and standard deviations) and qualitative responses given by Delphi experts.
3.1. Water security trends 3.1.1. Water demand and withdrawals by sectors 3.1.1.1. Context. Water demands are reported to follow an upward trend that will continue into the future both at global and sectorial levels. At present, in global terms, agriculture is responsible for 70% of water withdrawals, followed by industry (20%) and the urban sector (10%) (WWAP, 2012) . These percentages vary among countries: in industrialized countries water withdrawals for industry can rise up to 50%, from which up to 40% are for energy production in some places like the USA (Granit et al., 2011) . Global water withdrawals per sector as estimated by the International Energy Agency and the World Bank are presented in Table 1 . The last estimates from the UN indicate that global water demand could rise by 55% by 2050, especially within the sectors of industrial manufacturing (400%), thermal energy (140%) and domestic use (130%) (WWAP, 2014) . However, water consumption by the energy sector is believed to experience a sharper rise of up to 85% due to higher efficiency in power plants and cooling technologies, which reduce overall water volumes required but increase net consumption, and increasing biofuels production (Rodríguez et al., 2013) . Table 2 and Figure 2 report an overall rise of global water withdrawals in the future, with an average 20% increase compared to 2012 levels by 2030, and some 29% by 2050. The sharpest increases are registered for the urban and industrial sectors, reaching some 67% and 60% growth by 2050, respectively, though the high standard deviations suggest higher uncertainty or lower consensus among experts in these aspects. Agriculture and energy, with considerably lower standard deviations, are expected to follow a parallel 17-19% growth by 2030, to later slow down by 2050 reaching some additional 11% growth in the case of energy and barely 7% for agriculture. As can be seen, the share of the different sectors in total water withdrawals is expected to remain similar to the present. The resulting scenario is similar to some business as usual scenarios reported in the literature (IEA, 2012; OECD, 2012) , as will be discussed below. The qualitative comments from experts indicate that a generalized slowdown in the rise of water withdrawals identified for the period 2030-2050 is due to an expected improvement and generalization in water saving measures and technologies. This fact is seen as particularly important within the energy and agricultural sectors, where it might be accompanied by a rise in the water consumption rate, due to the expansion of intensive agriculture, dams, fracking and solar thermal energy. However, very high biofuel expansion scenarios are not seen as probable due to the widespread context of water scarcity, and also to important advances in the food industry, a reduction of losses in production chains and high competition with other sectors which might restrain agricultural demands. Within the industry sector, a clear distinction is made between developed countries, where improvements in water use efficiency and water saving technologies will allow for a stabilization or even a reduction of industrial water demand, and developing countries, where sharp industrial growth using traditional techniques will strongly increase demands and water quality degradation, especially in BRIC 1 countries.
Delphi results. Delphi results in
3.1.2. Water stress and water supply 3.1.2.1. Context. Water availability constitutes a problem in many parts of the world due to the uneven geographical distribution of water resources and in certain cases limited access. Around 1.2 billion (10 9 ) people (around one-fifth of the global population) currently live under severe water stress conditions (water supply below 1,000 m 3 per person per year) and another 500 million live in areas with risk to become water stressed in the near future (WWAP, 2014) .
The evolution in recent decades indicates that water stress is increasing all over the world and will continue to do so in the coming years, due to increasing droughts, rainfall variability and glacier retreat caused by climate change (IPCC, 2014) . Prospects to 2050 indicate that the percentage of people living under severe water stress conditions could rise between 40 and 60% (WWAP, 2014). Figure 3 show consensus on an upward trend in the number of people living under severe stress conditions. Average values indicate an increase from the current levels of 20% to around 35% in 2030 and 46% by 2050, with relatively low average deviations. It is nevertheless remarkable that experts who reported the highest level of expertise in the matter estimated slightly lower percentages than the average, hovering around 40%.
Qualitative responses indicate that this rising trend could be motivated by several factors such as a generalized increase in urban, industrial and agricultural pressure on water quantity and quality, as well as the intensification of droughts, floods and desertification as a result of climate change. Management strategies, innovative technologies and virtual water trade are highlighted as essential means that could soften this trend in the most affected areas. In this line, one expert added that this situation should not necessarily lead to a rise in migration flows to other areas, partly because of the mitigating effect of technological solutions, and partly because borders will not be so easily opened. One expert calls the suitability of the 1,000 m 3 /person per year indicator into question, as personal water requirements vary significantly depending on cultural habits and local consumption.
3.1.3. Water sanitation and treatment 3.1.3.1. Context. The average investments in water sanitation and treatment infrastructures in developing countries are low and many urban and rural communities still lack access to these basic services. In these countries, it is estimated that between 60 and 90% of wastewaters are not treated, thus causing severe degradation of rivers, aquifers and coastal waters (Corcoran et al., 2010) . In spite of the international efforts to revert this situation, estimations suggest that the Millennium Development Goal of reaching 75% of global population connected to improved sanitation facilities 2 by 2015, would reach no more than 67% (UN Water, 2012) . OECD scenarios place the number of people with access to sanitation between 80 and 90% by 2050 (OECD, 2012). The survey qualitative comments highlight the importance of the concentration of growing population in cities and the support of nations and multilateral organizations as promoters of potential improvements. However, some experts consider that these upgrades will take place at a lower rhythm than expected, due to lack of institutional, technological and financial capacities in regions with lower access rates, low investment in maintenance of infrastructure, insufficient support from developed countries and spatial constraints to provide access to rural areas. 3.1.3.3. Delphi results for waste water treatment. Results in Figure 5 show a slow downward trend in the amount of untreated wastewater discharges in developing countries. This amount is expected to decrease down to around 75% of total wastewater by 2030, and further to around 60% by 2050. However, as reflected in average deviation values, a few experts consider it will remain constant around 70%, while another group accounting for 40% of the expert group believe it will be reduced down to 50%, showing in this case a lack of consensus.
Within the qualitative responses, those experts estimating invariable percentages argued that increasing pollution rates and costs of water treatment infrastructure and technologies will impede advances in most developing countries, which lack solid institutions. Other opinions maintain that these are necessary investments that will need to take place, supported by international organizations and environmental treaties and legislation, and maybe through cooperation funds. Knowledge and technology transfer to developing countries was highlighted as a key factor in both cases. 3.1.4. Global water market 3.1.4.1. Context. Several studies point to the water sector as a growing and promising market, highly attractive for international investments due to the rising demand in efficient irrigation and distribution technologies, smart metering, sanitation and water treatment technologies and desalination. In addition, this market constitutes a path for technology transfer for developing and water stressed countries, envisioned to help create resilience against water scarcity, together with virtual water trade (Hoekstra & Hung, 2002) . According to Deutsche Bank (Heymann et al., 2010) , the global water market was worth between 300 and 400 billion euros in 2011 (considering 1 billion as 10 9 ) and it could double by 2035, reaching a growth rate of 100%. Figure 6 reports a high variability among responses regarding the future growth of a global water market. A 10 point difference is registered between the mean and median values (70-80) for the 2030 horizon, and standard deviations rise up to 20 in both cases. The results suggest that experts would place the time horizon for the water market to double its size in 2050 rather than in 2030-35, as predicted by Deutsche Bank studies (Heymann et al., 2010) .
Delphi results.
Qualitative comments pointed towards a quick growth trend of the water market in line with a growing population, economies and a need for new infrastructures. However, two important restraining factors were highlighted: the scarcity of the resource and the high infrastructure and technology implementation costs. Lower estimates were justified by the lack of guarantees for investors and the effects of cost recovery policies on the price of resources. Meanwhile, China and India are expected to play a key role and influence the markets, given the peak of demand and shortfall in resources.
3.2. Water -energy trends 3.2.1. Water technologies and alternative resources 3.2.1.1. Context. The search for alternative water resources is becoming a constant, especially in regions with limited availability of fresh water resources (islands, arid regions,…) like the 
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Mediterranean coast, where desalination and water treatment technologies are acquiring a key role to ensure water supply for certain sectors (WWAP, 2012) . These technologies have high energy requirements that, together with the cost of technology itself, lead to non-competitive output water prices.
At present, total world desalination capacity is 24 km 3 /year, which constitutes some 0.6% of global water supply (IEA-ETSAP & IRENA, 2012), expected to double by 2020 (H2O Middle East, 2012). In certain coastal and arid areas this share rises considerably: 24% in the Canary Islands (TECNOAGUA, 2011) or 15% in Israel, where the national roadmaps have set the objective to reach some 41% by 2050 (Tenne, 2010) . The UN forecasts desalination to become cost competitive by 2040 (WWAP, 2012) .
As regards water reuse, the global water reuse rate, defined as the volume of water reused over the total volume of water treated, stands at around 5% (Lazarova, 2012) . Some of the countries with higher reuse rates are Israel (70%), Singapore (30%), Spain (11%), Australia (8%) and the USA (6%). For Mediterranean countries, the average rate is expected to increase from 3.5% in 2005 to 13% in 2025 (Angelakis, 2012) . Figure 7 show that both alternative water sources will present a slow growth in the future, though more substantial in developed countries. Desalination shows lower standard deviations than reuse, and is expected to follow a linear and limited growth up to 6.4% in developed countries and 4.2% in developing countries. Water reuse is expected to have a sharper growth, especially within the next two decades, reaching some 16.6% and 20% in developed countries and around 9% and 11% in developing countries by 2030 and 2050, respectively. Standard deviations for developed countries and developing countries are 5 and 3.5 for desalination and 9 and 8 for water reuse, respectively.
Delphi results. The results in
Experts' qualitative comments regarding desalination suggest that, in spite of a progressive reduction of the production cost, this resource will not be able to compete with conventional resources, and will only have a market for uses with high economic value or for urban or industrial supply in coastal or semi-arid areas with high average rents. In developing countries it will be very limited due to bidding and funding problems. Nevertheless, two options were highlighted as especially promising: desalination of saline regenerated waters, and solar energy and desalination coupled systems, especially within the Arab region.
As for water treatment and reuse, experts perceived them as a growing and necessary trend within water management policies in developed countries where, in spite of the costs, the already existing infrastructure will pose a comparative advantage over desalination. For the case of developing countries, opinions were more divergent. Some experts maintained that changes in environmental legislation, the need for resource optimization and foreign investments in reuse technologies will drive some growth. Others stated that the cost and infrastructural factors will be strong limitations, where a rising trend to reuse wastewater for agriculture without treatment may take the lead. Special remarks were made about the social perception, the emerging pollutants problems and the need to adjust the necessary quality for different uses, where technological improvements are seen as the key to enable a safer and more attractive resource.
3.2.2. Impact of energy types and technologies on water 3.2.2.1. Context. The need for water to produce energy has been widely recognized as a possible future limitation to ensure energy security. Soon the different water withdrawal and consumption rates could become the determining aspect for technology selection. However, available data on water performance of energy technologies are still vague, with wide value ranges and variability depending on local conditions like climate, type of cooling technologies or waste water management practices (Rodríguez et al., 2013) . Meanwhile, water quality related aspects are frequently neglected, and assessment and monitoring practices are seldom applied (Rodríguez et al., 2013) . Tables 3 and 4 show that, as perceived by experts, biofuels will have the highest future impacts on water quantity and quality, together with shale gas extraction for the quality aspect. Nuclear and thermoelectric energy are attributed similar intermediate impact levels on both aspects. Hydrogen batteries get a rather low perception of impacts on water quality and particularly on water quantity, only above hydropower which is at the bottom of the list of water quality impacts, and with moderate, but far from negligible, impacts on quantity. Average deviations oscillate between 1 and 1.5.
Delphi results.
Most of the experts indicated in their qualitative comments not to feel qualified to make estimations about the future energy mix composition, but some valuable considerations regarding future issues for water quantity and quality were provided.
Regarding water quantity, one of the highlights referred to the considerably low consumption rate of hydropower, even considering evaporation losses, as compared to other energies and especially to biofuels. One expert also noted that shale gas and batteries could considerably increase their percentage share, thus increasing their net impact. Another expert stated that small changes in production Table 3 . Level of impact on water quantity and quality of different energy types and technologies: own elaboration. techniques will not substantially modify the water requirements of energy technologies, and overall impacts will rather rely on international policies and support for each technology.
As regards water quality, three aspects were particularly emphasized: first, the high uncertainty and potential threats to water quality from biofuels -due to the massive use of fertilizers -and from shale gas. Second, the less sounded importance of thermal disturbances and pollutant or nutrient concentration effects in uptake and discharge points associated with thermal and nuclear cooling. Third, the important river flow and hydrodynamic disturbances caused by the 'sequestration', lateral diversion and irregular releases (hydropeaking) of water by hydropower, with additional downstream environmental effects.
Evaluation of the Delphi study performance
The experts rated their level of knowledge as high in all the questions, with a mean value of 3 over 4. The participation rate was 40% of the experts invited, which can be considered as high given the voluntary and non-rewarded character of the study (Dalkey, 1969) . In the second round, 70% of the questionnaires were revised and resubmitted. For the other 30%, the answers given in the first round were considered as final. When analysing the differences between the answers in both rounds, it was observed that most of the experts maintained their initial answers, except for those cases where their estimates varied far from the group median values. For those cases, two main answer modification patterns were identified: experts indicating low expertise level on the particular question tended to exchange their answer for the group median value; experts indicating high level of expertise on the question tended to slightly modify their answer to approach the median, but maintaining the initial identified trend. For the case of questions left unanswered in the first round, some experts opted to adopt median values while others refrained from answering. These behaviours prove the technique is able to change experts' opinion according to their level of knowledge and confidence, through the provision of group statistics and qualitative arguments, reaching a final opinion of presumable higher quality than the mean of individual initial responses.
Discussion of results
Looking at the results and in view of the last UN World Water Development Report on water and energy launched the 22nd March 2014 (WWAP, 2014) , some aspects are worth analysing. First regarding water withdrawal predictions, the scenario resulting from Delphi experts' responses envisions a similar increase, though slightly lower, to OECD's and United Nations Environmental Program (UNEP)'s business as usual scenarios in terms of global withdrawal increase to 2050. Yet, predictions from Delphi experts for the industrial and energy sectors are considerably lower, based on the trust in the potential improvements from technological efficiency and water saving policies. Meanwhile, this technological efficiency would drive a rise in energy consumption. Estimations of water for energy to 2030-35 stand in line with the International Energy Agency (IEA)'s New Policies Scenario, with a 20% rise (WEO, 2012) . For the case of agriculture, contrary to OECD and UNEP scenarios that predict agricultural water withdrawals to remain stable or reduce, Delphi experts foresee a 23% rise to 2050, compared to 13% estimated by The International Water Management Institute (Molden, 2007) and 11% by The Food and Agriculture Organization (FAO) (FAO, 2011) . The importance given by WWAP (2014) to potential biofuel expansion could support these higher estimates indicating that biofuels are a key variable to mention in relation to overall global water-energy scenarios. In this respect, responses from elite interviews highlighted that the important problems will arise at regional and local scale, with the Sub-Saharan and Asian regions especially affected. However, experts also consider that catastrophic scenarios might not be as hard as predicted for water, since there are tools to help address water scarcity such as technology, international trade and changes in consumption patterns.
Second, in terms of future impacts of energy types on water resources, bringing together the evaluation made by Delphi experts and the main highlights from WWAP (2014) on trends in energy technological development, four energies emerge as potentially outstanding: biofuels, shale gas, thermal power and hydropower.
Biofuels are predicted to expand considerably, especially in the Asian region (WWAP, 2014) , where water scarcity and water pollution problems are particularly acute. However, some Delphi experts are sceptical about the high biofuel expansion scenarios, considering these unviable within the context of water stress in such regions. They argue that the driver that will define these scenarios is the speed of innovations in low water consuming 2nd and 3rd generation biofuels, which are expected to enter the market by around 2025 (Rosegrant et al., 2008; Gerbens Leenes et al., 2012) .
Shale gas production has taken off in the USA and the ground is being prepared in the European Union, waiting for a benchmark that can set the guidelines for safe performance. Energy independence is a strong incentive for the development of this technique in Europe, but possible impacts on water quality will constitute a big constraint, even more than quantity requirements according to Delphi experts, as these may be overcome with possible future innovations to reduce water use by reuse or recycling. After some incidents registered in the USA, recent studies suggest that most of the problems related to water quality were due to failures in well construction and integrity and accidental spills during operations (Puls, 2014) . Thus the development of stringent regulations on protective measures, operating procedures and monitoring programmes should be an essential priority in regions where this activity is barely starting, as in the case of Europe. However, equally important will be the necessary role of water and energy management institutions to ensure effective implementation and compliance with these regulations, which will require coordination, investment in qualified professionals and bureaucratic and informational transparency.
Thermal power is perceived by Delphi experts as the third most impacting energy source. At present, thermal power accounts for roughly 80% of global electricity production (IEA, 2013) . The main impacts on water from thermal energy are as a result of the cooling process, and depend on the type of cooling technologies employed. A shift towards more water efficient cooling systems in the future could help reduce water withdrawal requirements from this type of energy, but would also entail an increase of water consumption (Delgado, 2012; DOE, 2014) .
Hydropower is considered to have a considerable potential for expansion, particularly in Africa, Asia and Latin America (WWAP, 2014) . According to the IEA (2012), by 2050 global hydropower capacity installed could double and most of it will be developed in those regions. Acknowledging that overall impacts on water quantity may not be substantial (although this should be checked out for regions with very high evapotranspiration rates), Delphi experts warn of the impacts derived from the local withdrawals of water, which can threaten water quality, ecological flows -and thus aquatic ecosystems -and the availability of a clean water supply downstream for other users. In fact, this could be applicable to both macro and micro hydropower, since both generate impacts that should be closely studied when making decisions on the best technological road to take, as illustrated by Abbasi & Abbasi (2011) .
Third, desalination is seen by Delphi experts as an expensive and energy-costly solution that may only be an option in certain coastal areas with critical supply threats, and for specific uses with high economic revenues. This is confirmed by the situation in some Middle East countries, where for several cities the joint cost of desalination and pumping of water to urban areas is very high (WWAP, 2014) . However, this technology is increasingly regarded as an opportunity when combined with renewable energies. New opportunities for desalination are also emerging within the oil and gas sector, where the need to find alternative solutions to dispose of saline-produced waters is driving intense technological research.
As noted by experts, reused water seems to have greater potential. The possibility to recover energy in wastewater treatment plants is an increasing trend emphasized as a way to reduce production costs (Environmental KTN, 2008) . Other remarkable trends to overcome this problem include combined water-energy production systems (e.g. water-energy-nutrient farms in The Netherlands (Stowa, 2010) ) and renewable energy coupling to desalination plants or heat and energy recovery systems (WssTP, 2011) . However, the adjustment of quality levels to the requirements of different target uses is highlighted by Delphi experts as a critical factor for its economic competitiveness.
Finally, infrastructure and technology stand out as key factors to improve access to water and sanitation, attract water and energy related investments and secure water and energy provision (WHO, 2014) . Investments in water and energy infrastructure will mean resilience for the future, but they should be accompanied by smart cost recovery policies, incentives and subsidies to make them economically sustainable. Meanwhile, the importance of technology and knowledge transfer is highlighted as a cross-cutting aspect that can make the difference in the road taken by developing countries: an aggressive development entailing severe environmental and resource degradation, or a conscious development promoting impact prevention and mitigation.
Conclusions and policy implications
Reducing uncertainty on the future evolution of critical variables affecting water and energy security is a difficult task, where subjectivity and considerable margins of error will always be present. However, some knowledge is better than no knowledge (Helmer, 1983) .
This study shows that experts identify an overall increase of pressures on water resources, both in terms of quantity and quality, especially in developing areas with high water stress and population growth. Experts outline a scenario between the 'business as usual' and the 'sustainable world' visions, with technology innovation and transfer as key catalysers of energy and water security. In developing countries, the substantial investment needs for infrastructure enhancement and maintenance, together with the lack of solid institutions and political will, pose the biggest challenge for the achievement of the Sustainable Development Goals. Alternative water resources such as desalination and reuse will only contribute to ease water stress in very specific areas and for certain uses. Only water-energy coupled solutions may help overcome the high energy cost limitations. In terms of energy, the evolution and expansion of biofuels and shale gas will be a key energy determinant for impacts on water resources. However, this expansion will depend upon the capacity and speed of technological innovation to reduce these impacts, in order to avoid becoming simply constrained by the context in certain regions.
From a political standpoint, two essential messages should be drawn from the study: the importance of considering water as a limiting factor in decisions on future energy roadmaps; and the essential role of well-maintained infrastructures and technological innovation to build future resilience.
As a final remark, it should be noticed that UN type assessments and expert opinions are based on the study of past trends, experience and best guesses. However, there is always the risk that unforeseen and disruptive events (i.e. of low probability but high impact) may alter these projections.
